Abstract
1.
Introduction † the Aerosol Particle Sizer) have slower sampling frequencies than required for useful been plotted in Fig. 1 (see Kumar et al., 2008b , c for the site description and experimental 1 methodology). Street background refers to the PNDs measured at a time when there had been no 2 movement of traffic in the street for about 10 min (considered as the maximum ventilation time 3 of the street) prior and subsequent to measurements. The reason for plotting these PNDs was to 4 compare the noise level of the instrument with the minimum level of PNDs in the street. All 5 measurements were taken at the highest sampling frequency of 10 Hz, where the instrument 6 signal noise is also greatest. Comparison of the measured PNDs with the maximal noise (i.e. at 7 10 Hz) indicate that both the roadside and background PNDs are far above the noise level of the 8 instrument for all diameters except particles below about 7 nm. It should be noted that our later 9 studies showed that there were substantial losses of particles less than 10 nm in the sampling 10 tubes, a factor that was not considered in these initial experiments due to small length of 11 sampling tubes (Kumar et al., 2008d) . Considering these observations, it was decided that a 12 relatively low sampling rate (i.e. 1 Hz or lower) rather than maximum (10 Hz) was more 13 appropriate for ambient measurements, unless the experiments relied critically upon fast response 14 data. This sampling rate was used in our later street canyon measurements (Kumar et al., 2008a (Kumar et al., -15 d, 2009a and not only helped maintain the measured PNDs well above the instrument's noise 16 level, but also reduced the size of data files to more manageable proportions during continuous 17 measurements over many days. vehicle to reach the roadside (i.e. to the DMS500 which was placed 2 m away from the kerb 22 and operated with a 2.5 m long sampling tube (see Kumar et al., 2008b , c for details). Sampling 23 tubes were thermally and electrically conductive; they were made of silicon rubber to which 1 carbon had been added to reduce particle diffusion losses (see Kumar et al., 2008b, d 
5
(as illustrated in Fig. 3 ). In fact, several sets of measurements were taken for a variety of 6 vehicles, but in most cases there was insufficient time before or after the observations in which 7 the background was established and could be characterised. Therefore, results for a particular 8 diesel-engined car were selected as an example for discussion in this study. In the selected case 
18
For dM/dlogD p in gm cm (2008a-d) . Given the scales used, the PMDs are almost inconsequential in many of 1 the pre-evolution plots; however, they become substantial during the later phase. emissions was seen at t = 0.0 s (Fig. 4i) where a small transient peak appeared at about 10 nm 7 due to the injection of fresh emissions; this was no longer evident after t = 0.1 s. The first clear 8 bimodal distribution (with peaks at about 16.6 and 86.6 nm) appeared at 0.4 s (Fig. 4m ). The 9 maximum number and mass distributions occurred between t = 0.4 s (Fig. 4m ) and 0.5 s ( 
1
Other processes such as nucleation could be important, but these would appear to be too rapid to 2 be captured by our measurements.
3
Note that lateral drift of the vehicle wake during this period (t = 0 to 0.9 s) due to any mean 4 flow was small, as the prevailing wind conditions were calm, < 1.5 m s -1 above roof level. This Figs. 4s-ab (from t = 1.0 to 21.7 s) correspond to the "post-evolution" stage. The peak 10 diameters in both modes were found to be similar (at 15.4 and 86.6 nm) to those found during the 11 pre-evolution stage. However, the particle mass and number distributions were slightly greater in 12 the accumulation mode than during the pre-evolution stage ( Fig. 4a-h ). These additional is variable and may change depending on the ventilation due to the above-roof wind speed and 16 direction.
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The aim of these experiments was to determine the time scales in various stages of the 18 "evolution" of the PNDs. The constant peak diameters in the nucleation modes in the pre-and 
Hypothesis 1
The vehicle wake study showed that the effects of transformation processes were generally 2 over within about 1 s after emission, due to rapid dilution in the near-wake region (Section 3 3.4.1). Furthermore, the roadside study showed that the typical time for the traffic emissions to 4 reach the roadside was about 45 6 s (Section 2.2) in near-calm wind conditions. These 5 observations led to the hypothesis that "the effect of transformation processes on the particles are 6 effectively complete by the time these particles are measured at roadside and total particle 7 numbers can then be assumed to be conserved". The measurements presented in this article are 8 consistent with this hypothesis. The hypothesis was further tested during our recent street canyon 9 measurements (Kumar et al., 2008b (Kumar et al., -d, 2009a , the results again being consistent with the 10 hypothesis, allowing us to ignore particle dynamics during analysis of the street canyon 11 measurements.
12
It is interesting to note that the evolution time of 1 s is similar to the wake residence time,
13
which is likely to be in the range from 1-3 s in the case studied (Fackrell, 1984) . This suggests 14 that evolution, will in general, be complete by the time particles escape from the near-wake of a 15 vehicle. In all but the strongest of cross-winds, this time scale will be considerably less than the 16 advection time to kerb-side. 
Summary and conclusions

18
This article presents the preliminary results of PND measurements in a vehicle's wake and
19
at the roadside using a Cambustion Instruments DMS500. Application of the DMS500 was found 20 to be satisfactory because both the roadside and site-background PNDs were well above the sampling suggested a possibility to neglect particle dynamics during roadside measurements in 7 street canyons and total particle numbers can be assumed to be conserved. Transformation 8 processes have not been discussed in detail in this work because the focus was the characteristics 9 of particles that had been within the ambient atmosphere for much longer duration than the time 10 span for rapid change in PNDs after emission.
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This preliminary study showed the rapid evolution of particle number and mass 12 distributions in the wake of a diesel-engined car. The next step should be to perform similar 13 experiments to estimate the evolution time of particle number and mass distributions for various Post-evolution Pre-evolution Evolution Post-evolution Pre-evolution Evolution 
